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1
METHOD FOR INCREASING THE LEAKAGE
RESISTANCE IN A CLOSED, PRESSURIZED
SYSTEM COMPRISING A SEPTUM-SEALED
CONTAINER

CROSS REFERENCE TO RELATED
APPLICATION

This application is a National Stage entry of International
Application No. PCT/CA2009/001770, filed on Dec. 8, 2009,
which claims priority to U.S. Provisional Patent Application
No. 61/148,534 filed Jan. 30, 2009. The disclosures of the
prior applications are incorporated herein by reference in
their entirety.

FIELD OF INVENTION

The present invention relates to a method of increasing
leakage resistance at a needle-septum interface. More par-
ticularly, the present invention provides a method of increas-
ing leakage resistance in a closed system including a septum
sealed container, which is being maintained under a positive
pressure of at least about 34.5 kPa (5 psig).

BACKGROUND OF THE INVENTION

Vials and other commercially available containers, which
are used to hold a drug, a reagent or other pharmaceutically
relevant substance and maintain sterility are typically sealed
with a septum that is not designed to withstand high positive
pressure. In order to transfer a compound or product in such
a septum sealed container, it may be necessary for the product
to be flushed and pushed through the container in order to
obtain a safe and effective infusion into a patient or a recep-
tacle. A two needle system can be used to facilitate the flush-
ing and clearance of the septum sealed container; one needle
to push through the flushing fluid and a second needle to
exhaust the product and flushing fluid through a transfer
tubing into the patient. The transfer tubing from the container
to the patient is normally a long catheter with a very small
internal diameter. The combination of long length and small
diameter creates very large pressure drops from the inlet to
the outlet of the catheter. Thus, large back pressures occur in
the sealed container due to the pumping force required to
move the fluid through the catheter. Leaks in these types of
sealed containers can cause a loss of product integrity (espe-
cially a loss of sterility, release of dangerous or toxic material
and loss of sufficient active ingredient for an effective treat-
ment).

As an example, a flow rate of approximately 1 ml./sec of
water flowing through a 1 meter long 3 French catheter
requires a pressure drop of approximately 827.4 kPa (120
psig). A 3 French catheter has an outer diameter of 1 mm, and
an inner diameter of approximately 0.6 mm. A 1 m[./sec flow
rate is moderate yet this magnitude of pressure (827.4 kPa;
120 psig) is very high and a septum seal is not typically
designed to withstand such pressures.

There is therefore a need for a method of improving septum
resistance to such high pressures in cases where it is difficult
to withdraw the product safely or effectively from the original
container (as is the case with therapeutic microspheres such
as THERASPHERE® Y-90 glass microspheres or SIR-
SPHERES® Y-90 resin microspheres). There can be other
applications where high leakage resistance is desirable, such
as mixing or rinsing after the addition ofa chemical reagent to
a substrate inside a septum sealed container. Such an appli-
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cation could include adding an active ingredient to initially
inactivated microspheres, which in turn could include both a
mixing and a rinsing step.

SUMMARY OF THE INVENTION

The present invention relates to a method of increasing
leakage resistance at a needle-septum interface. More par-
ticularly, the present invention provides a method of increas-
ing leakage resistance in a closed system including a septum
sealed container, which is being maintained under a positive
pressure of at least about 34.5 kPa (5 psig).

According to one aspect of the present invention there is
provided a method for increasing leakage resistance in a
closed, pressurized system, comprising:

providing a closed system comprising a container sealed
with a septum having a top surface with an exposed section,
the system being maintained under a positive pressure of at
least about 34.5 kPa (5 psig), and

fixedly placing a contact surface of a hard component
adjacent to or in contact with:

(1) at least a portion of a border section disposed within the
exposed section of the septum, the border section being
adjacent to and extending along the periphery of the
exposed section of the septum, the border section having
an outer perimeter being coincident with the periphery
of the exposed section of the septum and an inner perim-
eter disposed within the exposed section of the septum,
the inner perimeter and the outer perimeter defining the
area of the border section; or

(ii) at least a portion of a central section of the exposed
section ofthe septum, the central section extending from
the center of the exposed section of the septum until the
inner perimeter of the border section, and the central
section having an area defined by the inner perimeter of
the border section, or

(iii) both (i) and (ii),
to reduce the size of any bulge or deformation formed in the
exposed section of the septum.

In examples of the above method, the positive pressure
maintained in the closed system is in the range of from about
34.5 kPa (5 psig) to about 2,413 kPa (350 psig) or any value
or subrange therebetween, from about 34.5 kPa (5 psig) to
about 241.3 kPa (35 psig) or any value or subrange therebe-
tween, or from about 344.7 kPa (50 psig) to about 2,413 kPa
(350 psig) or any value or subrange therebetween.

In other examples, the contact surface of the hard compo-
nent is substantially flat or is a substantially flat circular
surface.

The present invention also relates to the above-defined
methods, wherein the hard component has one, or more than
one passageway accommodating one, or more than one
needle, and the contact surface of the hard component has
one, or more than one opening through which the one, or more
than one needle extends. An end of each of the one, or more
than one needle can extend from the one, or more than one
opening of the contact surface of the hard component through
one, or more than one opening formed in the exposed section
of'the septum by piercing the exposed section with the end of
each of the one, or more than one needle.

In a further example of the above-defined methods, the one,
or more than one opening on the contact surface of the hard
component is either disposed within the central section of the
contact surface, disposed adjacent to an end or the periphery
of the contact surface, or is one opening disposed in the
central section of the contact surface. Furthermore, the one, or
more than one opening formed in the exposed section of the
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septum may be disposed within a central section of the
exposed section of the septum or disposed adjacent to an end
or the periphery of the exposed section of the septum.

The total area of the one, or more than one opening on the
contact surface of the hard component may be smaller than
the area of the exposed section of the septum. In other
examples, the area of the contact surface of the hard compo-
nent is the same as, smaller than or greater than the area of the
exposed section of the septum.

The solid component defined in the above-described
method may comprise one, or more than one needle guide
tube within the one, or more than one passageway, the one, or
more than one needle guide tube preventing lateral movement
of'the one, or more than one needle, and bending and subse-
quent strain in the septum.

The container defined in the method defined above can
contain a product for infusion into a human or animal patient
or for delivery to another vessel, such as a delivery system
containing a pharmaceutically active product, a radioactive
product or a mixture thereof, or a composition or medical
device comprising a pharmaceutically active product or a
radioactive product and a pharmaceutically acceptable dilu-
ent or carrier, for example, a particle, such as, a micro- or
nano-particle of any size or shape, containing a pharmaceu-
tically active product or a radioactive product. Furthermore,
the container may be used for mixing or rinsing.

In an even further example, the septum can be sealed to the
container with a crimp seal, such as a metal or plastic crimp
seal.

In a further example, the method described above may
further comprise compressing the septum using an external
force at the time of transferring material from the septum
sealed container.

In another aspect, the present invention relates to a kit for
increasing leakage resistance in a closed system comprising a
container sealed with a septum having a top surface with an
exposed section, the system being maintained under a posi-
tive pressure of at least about 34.5 kPa (5 prig), the kit com-
prising:

a hard component having a contact surface, and

instructions for using the hard component to reduce the
size of any bulge or deformation formed in the exposed sec-
tion of the septum.

The present invention also relates to the above-defined kit,
wherein the instructions describe fixedly placing the contact
surface of the hard component adjacent to or in contact with:

(1) at least a portion of a border section disposed within the

exposed section of the septum, the border section being
adjacent to and extending along the periphery of the
exposed section of the septum, the border section having
an outer perimeter being coincident with the periphery
of'the exposed section of the septum and an inner perim-
eter disposed within the exposed section of the septum,
the inner perimeter and the outer perimeter defining the
area of the border section; or

(ii) at least a portion of a central section of the exposed

section of the septum, the central section extending from
the center of the exposed section of the septum until the
inner perimeter of the border section, and the central
section having an area defined by the inner perimeter of
the border section, or

(iii) both (i) and (ii),

In examples of the above kit, the positive pressure main-
tained in the closed system is in the range of from about 34.5
kPa (5 psig) to about 2,413 kPa (350 psig) or any value or
subrange therebetween, from about 34.5 kPa (5 psig) to about
241.3 kPa (35 psig) or any value or subrange therebetween, or
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from about 344.7 kPa (50 psig) to about 2,413 kPa (350 psig)
or any value or subrange therebetween.

In other examples, the contact surface of the hard compo-
nent is substantially flat or is a substantially flat circular
surface.

The present invention also relates to the above-defined kits,
wherein the hard component has one, or more than one pas-
sageway accommodating one, or more than one needle, and
the contact surface of the hard component has one, or more
than one opening through which the one, or more than one
needle extends. An end of each of the one, or more than one
needle can extend from the one, or more than one opening of
the contact surface of the hard component through one, or
more than one opening formed in the exposed section of the
septum by piercing the exposed section with the end of each
of the one, or more than one needle.

In a further example of the above-defined kits, the one, or
more than one opening on the contact surface of the hard
component is either disposed within a central section of the
contact surface, disposed adjacent to an end or the periphery
of the contact surface, or is one opening disposed in the
central section of the contact surface. Furthermore, the one, or
more than one opening formed in the exposed section of the
septum may be disposed within a central section of the
exposed section of the septum or disposed adjacent to an end
or the periphery of the exposed section of the septum.

The total area of the one, or more than one opening on the
contact surface of the hard component included in the kits
described above may be smaller than the area of the exposed
section of the septum. In other examples, the area of the
contact surface of the hard component is the same as, smaller
than or greater than the area of the exposed section of the
septum.

The solid component defined in the above-described kit
may comprise one, or more than one needle guide tube within
the one, or more than one passageway, the one, or more than
one needle guide tube preventing lateral movement of the
one, or more than one needle, and bending and subsequent
strain in the septum.

The above-defined kit may further comprise the container
sealed with a septum, wherein the container contains a prod-
uct for infusion into a human or animal patient or for delivery
to another vessel, such as a delivery system containing a
pharmaceutically active product, a radioactive product or a
mixture thereof, or a composition or medical device compris-
ing a pharmaceutically active product or a radioactive product
and a pharmaceutically acceptable diluent or carrier, for
example, a particle, such as, a micro- or nano-particle of any
size or shape, containing a pharmaceutically active product or
a radioactive product. Furthermore, the container may be
used for mixing or rinsing.

In an even further example, the septum can be sealed to the
container with a crimp seal, such as a metal or plastic crimp
seal.

The kits described above may also include an injector
assembly for retaining the hard component in a fixed position
relative to the exposed section of the septum.

In a further aspect, the present invention relates to a use of
a hard component having a contact surface for increasing
leakage resistance in a closed system, comprising a container
sealed with a septum having a top surface with an exposed
section, the system being maintained under a positive pres-
sure of at least about 34.5 kPa (5 psig), wherein the contact
surface of the hard component is suitable for reducing the size
of'any bulge or deformation formed in the exposed section of
the septum.
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In an even further aspect, the present invention relates to a
use of a hard component having a contact surface for reducing
the size of any bulge or deformation formed in an exposed
section of the septum, wherein the exposed section of the
septum is disposed on a top surface of the septum, the septum
is sealed to a container, and the container sealed with the
septum forms part of a closed system maintained under a
positive pressure of at least about 34.5 kPa (5 psig).

The present invention also relates to the above-defined
uses, wherein the contact surface of the hard component is for
fixed placement adjacent to or in contact with:

(1) at least a portion of a border section disposed within the
exposed section of the septum, the border section being
adjacent to and extending along the periphery of the
exposed section of the septum, the border section having
an outer perimeter being coincident with the periphery
of'the exposed section of the septum and an inner perim-
eter disposed within the exposed section of the septum,
the inner perimeter and the outer perimeter defining the
area of the border section; or

(ii) at least a portion of a central section of the exposed
section of the septum, the central section extending from
the center of the exposed section of the septum until the
inner perimeter of the border section, and the central
section having an area defined by the inner perimeter of
the border section, or

(iii) both (i) and (ii).

In examples of the above uses, the positive pressure main-
tained in the closed system is in the range of from about 34.5
kPa (5 psig) to about 2,413 kPa (350 psig) or any value or
subrange therebetween, from about 34.5 kPa (5 psig) to about
241.3 kPa (35 psig) or any value or subrange therebetween, or
from about 344.7 kPa (50 psig) to about 2,413 kPa (350 psig)
or any value or subrange therebetween.

In other examples of the uses described above, the contact
surface of the hard component is substantially flat or is a
substantially flat circular surface.

The present invention also relates to the above-defined
uses, wherein the hard component has one, or more than one
passageway accommodating one, or more than one needle,
and the contact surface of the hard component has one, or
more than one opening through which the one, or more than
one needle extends. An end of each of the one, or more than
one needle can extend from the one, or more than one opening
of the contact surface of the hard component through one, or
more than one opening formed in the exposed section of the
septum by piercing the exposed section with the end of each
of the one, or more than one needle.

In a further example of the above-defined uses, the one, or
more than one opening on the contact surface of the hard
component is either disposed within a central section of the
contact surface, disposed adjacent to an end or the periphery
of the contact surface, or is one opening disposed in the
central section of'the contact surface. Furthermore, the one, or
more than one opening formed in the exposed section of the
septum may be disposed within a central section of the
exposed section of the septum or disposed adjacent to an end
or the periphery of the exposed section of the septum.

The present invention also relates to the uses defined
above, wherein the total area of the one, or more than one
opening on the contact surface of the hard component is
smaller than the area of the exposed section of the septum. In
other examples, the area of the contact surface of the hard
component is the same as, smaller than or greater than the area
of the exposed section of the septum.

The solid component defined in the above-described uses
may comprise one, or more than one needle guide tube within

20

40

45

55

65

6

the one, or more than one passageway, the one, or more than
one needle guide tube preventing lateral movement of the
one, or more than one needle, and bending and subsequent
strain in the septum.

The present invention also relates to the uses described
above, wherein the container is sealed with a septum, wherein
the container contains a product for infusion into a human or
animal patient, or for delivery to another vessel, such as a
delivery system containing a pharmaceutically active prod-
uct, a radioactive product or a mixture thereof, or a compo-
sition or medical device comprising a pharmaceutically
active product or a radioactive product and a pharmaceuti-
cally acceptable diluent or carrier, for example, a particle,
such as, a micro- or nano-particle of any size or shape, con-
taining a pharmaceutically active product or a radioactive
product. Furthermore, the container may be used for mixing
or rinsing.

In an even further example, the septum can be sealed to the
container with a crimp seal, such as a metal or plastic crimp
seal.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features of the invention will become more
apparent from the following description in which reference is
made to the appended drawings wherein:

FIG. 1 illustrates a bending eftect caused by insertion of
proximally-restricted, distally unrestricted needles having a
sharp beveled end through an elastomeric septum.

FIG. 2 illustrates an example of the method according to
the present invention for reducing septum deformation,
which involves placing a hard scaffold at a position adjacent
to the exposed section of a septum of a septum sealed con-
tainer.

FIG. 3 illustrates an example of the method according to
the present invention for reducing septum deformation,
which involves placing a scaffold in contact with the exposed
section of a septum of a septum sealed container.

FIGS. 4-5 illustrate examples of the method according to
the present invention for reducing septum deformation,
which involves placing a scaffold in contact with the exposed
section of a septum of a septum sealed container and applying
an external compressive force to the scaffold.

FIG. 6 illustrates a top plan view of the exposed section of
an example of a septum according to the present invention.

FIGS. 7A-C illustrate bottom plan views of examples of
scatfolds according to the present invention.

FIGS. 8A-C illustrate sectional top plan views of the
examples of scaffolds shown in FIGS. 7A-C, which are in
contact with the exposed section of the septum illustrated in
FIG. 6. The contact surfaces of the scaffolds are shown as
being cross-hatched to help illustrate the area of contact
between each scaffold and the exposed section of the septum.

FIG. 9 illustrates a cross-sectional elevational view of an
example of an injector assembly comprising a scaffold
according to the present invention.

FIGS. 10-11 illustrate cross-sectional elevational views of
the injector assembly shown in FIG. 9 adjacent to the exposed
section of the septum of a septum-sealed vial.

DETAILED DESCRIPTION

The present invention relates to a method of increasing
leakage resistance at a needle-septum interface. More par-
ticularly, the present invention provides a method of increas-
ing leakage resistance in a closed system including a septum
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sealed container, which is being maintained under a positive
pressure of at least about 34.5 kPa (5 psig).

The normal location of a first leakage from a septum sealed
container under pressure is at the septum-needle interface.
The leakage (or pressure) resistance of a septum sealed con-
tainer can be reasonably high immediately after crimping a
seal that retains the septum to the container, but the value
decreases over time due to creep (permanent deformation or
relaxation while under stress) that occurs naturally in most
elastomeric sealing materials. The loss of leakage resistance
can be accelerated by the contents of the vial, either by chemi-
cal or physical interaction between the product and the sep-
tum. In the case of Y-90 microspheres, a physical interaction
occurs due to the radiation damage caused by the beta par-
ticles emanating from the product. The position of the inter-
acting material relative to the septum is a major factor in
determining the rate of damage and subsequent creep or
relaxation. The leakage resistance for septa that have
“relaxed” can be less than 34.5 kPa (5 psig).

During high pressure testing of septum sealed containers, it
was observed that the septa under test tended to “bulge”
outward (i.e. to undergo severe distortion or high strain) due
to the internal pressure which over time was observed to
lower the leakage resistance of the septa. FIG. 1 illustrates
another form of undesirable strain on a septum 10, which
occurs when a needle 20a, 205 is inserted into the septum,
particularly for needles that are sharpened with a bevel cut 30
on the tip. When a bevel cut needle is inserted into a septum
10, the initial opening created by the sharpened tip creates a
slanted hole within the body of the septum 10 that the needle
20a, 205 tends to follow if itis inserted without lateral restric-
tion. In the present invention, the term “needle” refers to a
hollow tube or cannula or syringe-like needle. For some
cases, such as fluidizing and transferring microspheres from a
septum sealed container, it is important to position the needles
accurately for optimum flow characteristics (i.e. rapid fluidi-
zation and transfer of the microspheres). In some of these
cases, the needles may be inserted in a manner where their
lateral movement is unrestricted at the distal end and
restricted at the proximal end of the needles. Such needles
will bend to follow the initial hole direction.

At the end of the insertion of proximally-restricted, dis-
tally-unrestricted needles with bevel cut tips, there are two
undesirable effects. First, the needles are bent and may not be
positioned in the desired location in the container. Second,
due to the bending, the septum experiences severe lateral
strain which is localized at the area of the needle insertion 50
through the septum. This strain would increase in the case
where the proximally-restricted, distally-unrestricted needles
are used in a pressurized vial which had a bulging septum.
This localized strain, may therefore further significantly
decrease the leakage resistance at the needle-septum inter-
face.

The present invention provides three general ways of
increasing the leakage resistance at a septum to needle inter-
face in a closed system comprising a septum sealed container,
which are illustrated in FIGS. 2-5. The septum sealed con-
tainer shown in FIGS. 2-5 includes a vial 60 into which has
been fitted a septum 10. The septum may be any elastomeric
closure that forms a seal with a container and is capable of
being penetrated by at least one needle to transfer the product
out of the container. The septum 10 is retained in place by a
crimped cap 70 having an opening at its top end exposing a
section 80 of the top surface of the septum 10. In the illus-
trated methods, a hard scaffold component 90 is fixedly held
at or near the exposed section 80 of the septum 10 by a clamp
or other type of restraining element, to reduce the size of any
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bulge or deformation 100 formed in the exposed section 80 of
the septum 10 to a bulge 170 having a relatively smaller
volume. The scaffold component 90 has one, or more than one
passageway (110; 120qa, 1205) for accommodating a pair of
needles 20a, 205 used for diluting, rinsing and administering
the contents of the vial 60. The needles 20a, 205 extend from
one, or more than one opening (130; 1404, 1405) disposed on
the contact surface 150 of the scaffold component 90 through
a pair of openings formed in the exposed section of the sep-
tum by piercing the bevelled ends of the needles through the
septum.

The movement of the scaffolding body is restricted by the
strength and hardness of the scaffold component itself and
optionally by an external holding structure or device, such as
aclamp. In general, any material which is significantly harder
than the septum and which is thick enough to have negligible
deflection when pushed by the force of a bulge extending
from the septum can be used for this purpose.

In the methods illustrated in FIGS. 2-4, the scaffolding
component 90 is held in a fixed position adjacent to the
exposed section 80 of the septum 10 (FIG. 2) or held directly
on the exposed section 80 of the septum 10 (FIGS. 3-4) by an
external rigidifying mechanism or rigid structure to at least
partially flatten any bulge or deformation 100 formed on the
exposed section 80 of the septum 10. In the method illustrated
in FIGS. 4-5, an external compressive force 180 is also
applied in a downward direction against the scaffold, at the
time of transferring material from the septum sealed con-
tainer, to maintain a pressure against the septum. Any com-
mon method of applying such a force can be employed, such
as an injector assembly, which will be described in more
detail below.

In order to minimize the distortion in the septum caused by
needle deflection and bending upon insertion, rigid needle
guides 190a, 1905 can be placed very near the septum 10 so
that the initial hole created in the septum is reasonably aligned
with the direction of insertion (See FIG. 5). The needle guides
190a, 1905 also serve to keep the needles reasonably straight
and aligned with the desired position for optimum fluid flow
characteristics. The needle guides may optionally have a
flared proximal end 200 to facilitate insertion of the needles
20a, 205 into the passageways 120a, 1205 of the scaffold
component 90 during assembly of the system.

For all of the scaffolding methods, the area of the one, or
more than one opening (130; 140a, 1405) in the scaffolding
body 90 that restricts septum distortion is ideally smaller than
the area of the exposed section 80 of the septum 10. In
addition, reducing the diameter of the portion of the septum
that is allowed to bulge decreases the distortion for a given
pressure and therefore increases the leakage resistance. Fur-
thermore, providing openings on the contact surface of the
scaffold that are just large enough to permit needle insertion
will maximize the scaffolding effect.

In the examples illustrated in FIGS. 6-8, the exposed sec-
tion 80 of the septum 10 has two separate subsections: (i) a
border section 210 disposed within the exposed section of the
septum, which is adjacent to and extends along the periphery
230 of the exposed section of the septum and (ii) a central
section 220 extending from the center of the exposed section
of the septum until the inner perimeter 240 of the border
section (FIG. 6). The border section 210 has an outer perim-
eter that is coincident with the periphery 230 of the exposed
section of the septum and an inner perimeter 240 disposed
within the exposed section of the septum, with the inner
perimeter and the outer perimeter defining the area of the
border section. The area of the central section 220 is defined
by the inner perimeter 240 of the border section.



US 9,402,784 B2

9

The scaffold component 90 illustrated in FIGS. 6-8 has a
single centrally disposed opening 110 present in contact sur-
face 150 (FIG. 7A). FIG. 8A illustrates by way of cross-
hatching that the area of overlap between the scaffold com-
ponent 90 shown in FIG. 7A and the exposed section 80 of the
septum 10 (FIG. 6) is limited to the area of the border section
210 of the exposed section 80 of the septum 10. Conse-
quently, only the outer portion of a bulge or deformation
formed in the exposed section of the septum is flattened upon
being contacted with the contact surface 150 of the scaffold
shown in FIG. 7A.

FIG. 7C illustrates an alternative example of a scaffold,
which has a size that is approximately the same as the central
section 220 of the exposed section 80 of the septum 10. FIG.
8C illustrates by way of cross-hatching that the area of over-
lap between the scaffold component 90 shown in FIG. 7C and
the exposed section 80 of the septum 10 (FIG. 6) is limited to
the area of the central section 220 of the exposed section 80 of
the septum 10. Consequently, only the central portion of a
bulge or deformation formed in the exposed section of the
septum is flattened upon being contacted with the contact
surface 150 of the scaffold shown in FIG. 7C.

As a result, although methods according to the present
invention, which use the scaffolds illustrated in FIGS. 2-4, 7A
and 7C can reduce the overall size of a bulge formed within
the exposed section of a septum, they may not completely
eliminate the bulge.

In the example illustrated in FIG. 5, two separate centrally
disposed openings 140a, 1405 are present on the contact
surface 150 of' the scaffold component 90 (FI1G. 7B), such that
the contact surface 150 of the scaffold component is in con-
tact with all of the area of the border section 210 and most of
the area of the central section 220 of the exposed section 80 of
the septum 10 (FIG. 8B). Consequently, this example of the
method of the present invention may eliminate any bulge or
distortion formed in the exposed section of the septum in a
complete manner.

The degree of septum strain control required is a function
of'the pressure required, the septum design and the amount of
relaxation that has occurred based on shelf time and degree of
interaction with the contained product. The most effective
strain control (external force compressing the septum at time
of'use) allows the use of pressures to 2,413 kPa (350 psig). For
fully relaxed septa that could not withstand much pressure
(e.g. <34.5 kPa (5 psig)), the aforementioned strain control
methods (scaffolding combined with needle guiding) can
increase leakage resistance from 34.5 kPa (5 psig) up to
approximately 2,413 kPa (350 psig), with the methods used
depending on the pressure requirement.

Referring to FIG. 9, there is illustrated an example of an
injector assembly 250 comprising a plunger mechanism
coupled to the scaffold shown in FIG. 5, which includes a
plunger 260 slidably positioned within a plunger sleeve 270.
The plunger sleeve has a longitudinally extending inner com-
partment for accommodating needles 20a and 205, which are
fixed at an intermediate location to the interior of the plunger
260. Needle 20a is connected to a source of diluent, such as a
pharmaceutically acceptable saline solution or buffer, and
needle 205 is connected to a downstream receiving vial or to
a catheter for insertion within a patient. Prior to being used,
the plunger is in a retracted position with the lower ends of
needles 20a and 2056 being enclosed within the plunger sleeve
270 and the top of the passageways within the scaffold 90, and
the contact surface of scaffold 90 is covered with a cap 290 to
protect the sterile scaftold surface from becoming contami-
nated.
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To assemble a delivery system according to the present
invention, a septum sealed vial 60 is placed beneath the scaf-
fold component 90 of the injector assembly 250 with the
center of the contact surface of the scaffold 90 being aligned
with the center of the exposed section of the septum 10.
Application of pressure to the top of handle 265 of the injector
assembly 250 causes the ends of needles 20a and 205 to
extend in a downward direction through the openings in the
contact surface of the scaffold 90 and pierce through the
septum 10 and enter into vial 60 (FIG. 10). Further extension
of'the needles is limited by the contact of a distal end portion
275 of the plunger 260 with the top surface 285 ofthe scaffold
90. The injector assembly may optionally include detents,
such as plastic snaps or ball plunger detents, which are
mounted on the plunger 260 and engage with retaining edges
or holes disposed within the plunger sleeve 270 at the time
when the distal end portion 275 of the plunger 260 engages
the top surface 285 of the scaffold 90, thereby preventing
retraction of the plunger 260.

The vial containing a compound or composition of interest
may be disposed within a vial holder 310 having a top bore for
accommodating the scaffold 90 (FIG. 11). If the vial contains
a radioactive substance then the vial holder may be made of'a
protective material that attenuates any radiation emanating
from the material, such as an acrylate or lead. The vial holder
also contains a collar 300 to help align the plunger sleeve 270
and the scaffold 90 with the top of'the vial 60. As the scaffold
and the distal portion of the plunger sleeve are moved into the
vial holder, in the process of assembling the delivery system,
acompression spring ring 305 disposed on the bottom portion
of the scaffold 90 is received within a groove (not shown)
disposed within the inner radial surface of the top end of the
collar to form a compression fit between the collar, the bottom
portion of the plunger sleeve and the scaffold 90, which
fixedly retains the scaffold within the vial holder.

In an eight month period involving 1301 patient treatments
performed using the method of the present invention for
increasing leakage resistance in a closed, pressured system,
which was maintained under a positive pressure of between 5
and 35 psi, no leakages from the septum and adjacent com-
ponents of the system were reported.

Itis to be understood that the embodiments of the invention
disclosed herein are illustrative of the principles of the present
invention. Other modifications that may be employed are
within the scope of the invention. Thus, by way of example,
but not of limitation, alternative configurations of the present
invention may be utilized in accordance with the teachings
herein. Accordingly, the present invention is not limited to
that precisely as shown and described.

What is claimed is:

1. A method for increasing leakage resistance in a closed,
pressurized system, comprising:

providing a closed system comprising a container sealed
with a septum in contact with the container, the septum
having a first surface with a first exposed section and a
second surface with a second exposed section generally
opposite the first exposed surface, wherein the second
exposed section of the second surface is exposed to an
interior of the container, the system being maintained
under a positive pressure of at least about 34.5 kPa (5
psig), and

fixedly placing a contact surface of a hard component in
contact with:

(1) at least a portion of a border section disposed within the
first exposed section of the septum, the border section
being adjacent to and extending along the periphery of
the first exposed section of the septum, the border sec-
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tion having an outer perimeter being coincident with the
periphery of the first exposed section of the septum and
an inner perimeter disposed within the exposed first
section of the septum, the inner perimeter and the outer
perimeter defining the area of the border section; and

(ii) at least a portion of a central section of the first exposed

section of the septum, the central section extending from
the center of the first exposed section of the septum until
the inner perimeter of the border section, and the central
section having an area defined by the inner perimeter of
the border section,

wherein the hard component has passageways for two or

more needles to facilitate the flushing and clearance of
the septum sealed container; and

wherein the hard component is harder than the septum and

thick enough to have negligible deflection when pushed
by the force of a bulge extending from the septum,

to reduce the size of any bulge or deformation formed in the

exposed section of the septum.

2. The method according to claim 1, wherein the positive
pressure maintained in the closed system is in the range of
from about 34.5 kPa (5 psig) to about 2,413 kPa (350 psig).

3. The method according to claim 1, wherein the hard
component has two, or more than two passageways accom-
modating two, or more than two needles, and the contact
surface of the hard component has two, or more than two
openings through which the two, or more than two needles
extend.

4. The method according to claim 3, wherein an end of each
of the two, or more than two needles extend from the two, or
more than two openings of the contact surface of the hard
component through two, or more than two openings formed
in the exposed section of the septum.

5. The method according to claim 4, wherein the hard
component comprises two, or more than two needle guide
tubes within the two, or more than two passageways, the two,
or more than two needle guide tubes preventing lateral move-
ment of the two, or more than two needles.

6. The method according to claim 1, wherein the container
contains a product for infusion into a human or animal patient
or for delivery to a vessel.

7. The method according to claim 6, wherein the product is
amedical device or delivery system containing an active drug
ingredient, a radioactive ingredient or a mixture thereof.

8. The method according to claim 1, further comprising
compressing the septum using an external force at the time of
transferring material from the septum sealed container.

9. The method according to claim 1, wherein the contact
surface of the hard component is fixedly placed in contact
with the border section and the central section of the first
exposed section of the septum.

10. The method according to claim 1, wherein the contact
surface of the hard component is fixedly held using an exter-
nal rigidifying mechanism or rigid structure.

11. A method for increasing leakage resistance in a closed,
pressurized system, including a container and a septum in
contact with and sealing the container, the septum having a
first surface with a first exposed section and a second surface
with a second exposed section generally opposite the first
exposed surface, wherein the second exposed section of the
second surface is exposed to an interior of the container, the
system being maintained under a positive pressure of at least
about 34.5 kPa (5 psig), comprising:
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fixedly placing a contact surface of a hard component in
contact with:

(1) at least a portion of a border section disposed within the
first exposed section of the septum, the border section
being adjacent to and extending along the periphery of
the first exposed section of the septum, the border sec-
tion having an outer perimeter being coincident with the
periphery of the first exposed section of the septum and
an inner perimeter disposed within the first exposed
section of the septum, the inner perimeter and the outer
perimeter defining the area of the border section; and

(ii) atleast a portion of a central section of the first exposed
section ofthe septum, the central section extending from
the center of the first exposed section of the septum until
the inner perimeter of the border section, and the central
section having an area defined by the inner perimeter of
the border section,

wherein the hard component has passageways for two or
more needles to facilitate the flushing and clearance of
the septum sealed container; and

wherein the hard component is harder than the septum and
thick enough to have negligible deflection when pushed
by the force of a bulge extending from the septum,

toreduce the size of any bulge or deformation formed in the
exposed section of the septum.

12. A method for increasing leakage resistance in a closed,

pressurized system, comprising:

fixedly placing a contact surface of a hard component in
contact with a septum directly connected to and sealing
a container maintained under a positive pressure of at
least about 34.5 kPa (5 psig), the septum having a first
surface with a first exposed section and a second surface
with a second exposed section generally opposite the
first exposed surface, wherein the second exposed sec-
tion of the second surface is exposed to an interior of the
container, wherein:

(1) at least a portion of a border section disposed within the
first exposed section of the septum, the border section
being adjacent to and extending along the periphery of
the first exposed section of the septum, the border sec-
tion having an outer perimeter being coincident with the
periphery of the first exposed section of the septum and
an inner perimeter disposed within the first exposed
section of the septum, the inner perimeter and the outer
perimeter defining the area of the border section; and

(ii) atleast a portion of a central section of the first exposed
section ofthe septum, the central section extending from
the center of the first exposed section of the septum until
the inner perimeter of the border section, and the central
section having an area defined by the inner perimeter of
the border section, and

inserting a needle into the septum to transfer a product out
of the container,

wherein the hard component has passageways for two or
more needles to facilitate the flushing and clearance of
the septum sealed container; and

wherein the hard component is harder than the septum and
thick enough to have negligible deflection when pushed
by the force of a bulge extending from the septum, to
reduce the size of any bulge or deformation formed in
the exposed section of the septum.
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